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Brain tissue undergoes dramatic structural changes during its development, 
from a tube of neuroepithelial cells to maturity when regions of gray matter, 
rich in neurons, and regions of white matter, rich in myelinated and unmy- 
elinated nerve fibers, are intimately intertwined. Regions of adult central 
nervous system (CNS) dissected out from in situ brain have never been 
shown to survive transplantation. Therefore, for any transplantation proce- 
dure one is restricted to stages of immature donor brain tissue. There is a 
substantial increase in vulnerability to injuries with increasing age both for 
neurons and glia in CNS. Also, the demands for oxygen and nutrients 
increase dramatically with maturation. Taken together, the prerequisites for 
survival of CNS tissue upon grafting are unfavorable already at donor birth. 
The ^taking' of an immature piece of CNS upon transplantation is depen- 
dent on several factors, as follows. 

(1) Survival of axotomized neurons in the graft upon mechanical dissec- 
tion. This parameter influences different CNS regions in markedly different 
ways. Certain reticular neurons seem to tolerate extensive axotomies with 
good survival, whereas some other neurons with one axon die more frequent- 
ly upon axotomy. 

(2) Proliferation, The neurons and glial cells that survive the initial trans- 
plantation trauma will proliferate in relation to their individual develop- 
mental stage at grafting. The times of last mitotic divisions of neuroblasts in 
different CNS regions vary considerably. In the spinal cord and lower brain 
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stem mitotic activity in neurons ceases earlier than in cortical and subcorti- 
cal forebrain areas. The degree of remaining neuronal mitotic activity in a 
region at the stage of grafting markedly influences the increase in size of the 
grafted brain regions. Proliferation of glial cells is considerably later than 
that of the principle neurons of most CNS areas, and will therefore be 
influenced by the degree of neuronal survival in a graft. 

(3) Placement. Immature brain regions have been placed intracranially 
and in various extracranial positions such as in oculo, under the kidney cap- 
sule and in the testicle. This parameter interferes with the previous ones, 
and includes such variables as the speed by which the grafts are revascular- 
ized and possible trophic influences on the graft from the surrounding host, 
including the age of the recipient. 

(4) Technical, including methods for dissecting the donor CNS as well as 
transplantation methods. Optimal donor stages for intraocular transplanta- 
tion of a variety of fetal CNS regions are listed in Table I. 

Staged pregnant rats are sacrificed and the two uterine horns dissected 
out as one piece. Fetal brain tissue survives well for 2-3 h when fetuses are 
left in the uterine horns at room temperature. Thus, there is ample time for 
dissection of fetal brain tissue pieces and no need to keep fetuses cold. In our 
experience, when grafting is performed within 2 h after killing the pregnant 
female, no adverse effects on taking have been noted. During this period, 
however, changes will be noted in the consistency of the fetal brain.'Thu8 in 
the pallium it will be easier to remove the pia after a short while (5-10 min). 
The brain tissue itself will become increasingly soft, so that cuts will tend not 
to leave sharp edges and surfaces, again particularly in the pallium. 

The embryonic brain is soft, with loosely aggregated neuroblasts, and it is 
thus easy to disrupt its organization by handling during the microdissec- 
tions. A few pieces of advice on how to avoid such damage to the tissues to be 
grafted are as follows. 

(a) When dissecting the brain out of the skull, never pinch, squeeze, or 
pull the brain tissue itself. Use the surrounding connective tissue as handles 
for the forceps. 

(b) When cutting into the CNS itself, never cut more than once at each 
spot. Always cut away from the area to be grafted, and never touch it. 

(c) If the cut surfaces of the isolated piece are ragged, trim away all small 
fragments protruding out of the smooth transplant surface. 

(d) Move the grafts on the Petri dish as well as to the beaker in a fluid 
phase of sterile Ringer's solution by sucking the graft up in a Pasteur pipette. 
Thus, the CNS piece is not allowed to dry out, or to come into contact with 
the glassware unnecessarily. 

(e) When occasionally the dissected brain piece shows signs of mechanical 
damage, or gets a shape or content other than expected, always discard the 
piece. 
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Parietal cerebral cortex is obtained as a longitudinal strip of the full 
depth of the cortex anlage (neopallium) from each side, further divided into 
2-3 pieces approximately 1 X 1.5 mm each. The pia is peeled off from corti- 
cal anlage of 17-day and older fetuses, but can be left on pieces dissected 
from 16-day fetuses (Fig. 1.1, cf. Bjorklund et al., 1983a, b; Olson et al., 1979; 
Seiger and Olson, 1975). 

Cerebellum, The cerebellar anlage is easily seen through the translucent 
skull of these young embryos. By unfolding the soft connective tissue over 
the developing IVth ventricle the thin rhombic lip is revealed. The medial 
two-thirds of the cerebellar anlage is cut out as a thin piece on each side 
(1-1,5 mm long and 0.5 mm wide). The lateral one-third of the anlage is 
excluded to avoid brain stem contamination (Fig. 1.2, cf. Hoffer et al., 
1974). 

Hippocampus and dentate gyrus. The hippocampal formation is reached 
through a paramedian sagittal cut in the cortex anlage. The dorsal portion of 
the hippocampal formation is cut out as one piece, approximately 3-5 mm 
long and 1-2 mm wide, to be further subdivided transversely in three to five 
1-mm thick slices. From these slices the regio superior and inferior can be 
isolated as a ^hippocampal graft' from the 'dentate gyrus* piece, discarding 
the subicular region (Fig. 1.3, cf. Goldowitz et al, 1982, 1984a, b; Olson et al., 
1977, 1979). 

Caudate nucleus is reached from the unfolded cortex anlage (Pig. 1.1). 
Care must be taken to divide the thin caudate anlage from the adjacent 
tempero-parietal cortex tissue. A sagittal cut separates a caudate piece 3 mm 
rostro-caudally and 2 mm dorso-ventrally, retaining its normal rounded dor- 
sal delineation. A further separation into two to three pieces is recommended 
before grafting (Fig. 1.1, cf. Olson et al., 1979). 

Tectum is obtained as a paramedian piece of the developing superior col- 
liculus approximately 2 mm wide and 1-1.5 mm in rostro-caudal direction all 
the way to the aqueduct, to be further divided in the midline into two similar 
pieces (Fig, 1.1, cf. Bjorklund et al., 1983a, b). 

Substantia nigra region is reached from the ventral surface of the brain 
stem. A small median wedge approximately 2-3 mm wide and 1.5-2 mm long 
is cut out at the level of the vertex of the mesencephalic flexure. The wedge 
reaches dorsally halfway to the aqueduct. It is further divided sagittally in 
the midline to obtain unilateral ventro-medial tegmental pieces (Fig. 1.4, cf. 
Olson and Seiger, 1972; Olson et al., 1979; Seiger and Olson, 1977). 

Dorsal raphe nucleus region. After a midsagittal cut through the tectum 
the aqueduct and the underljring tegmentum is revealed. The dorsal raphe 
nucleus is cut out as a median piece 2 mm wide and 1-1.5 mm long at the 
vertex of the mesencephalic flexure dorsally, just before the widening of the 
aqueduct into the developing Illrd ventricle. This bilateral piece is then 
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Figure 1. Schematic presentation of fetal CNS areas dissected for transplantation. All dissected 
areas are indicated by a dotted raster. For details see the text under each separate heading. 
Abbreviations: CC, cerebral cortex; CN, caudate nucleus; T, tectum; C, cerebellum; HC, hippo- 
campus; DG, dentate gyrus; SN, substantia nigra region; DR, dorsal raphe nucleus region; LC, 
locus coeruleus region. 



divided in the midline to give two similar pieces, Ventrally each piece should 
not exceed 1 mm in length, to avoid contamination of nigral neurons (Fig. 
1.5, cf. Seiger and Olson, 1977). 
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Locus coeruleus region is most easily reached from the dorsal aspect of 
the brain. The developing tectum and cerebellum are cut in the midline 
leaving the floor of the IVth ventricle intact. Just caudal to the cerebellar 
anlage a transverse cut is made bilaterally in the roof of the ventricle all the 
way to its lateral edge, after which the cerebellum is unfolded. In the caudo- 
lateral part of the floor of the ventricle, just rostral to the pontine flexure, a 
small block of tissue is cutout, with the aim of removing as many of the locus 
coeruleus neuroblasts as possible, while minimizing the inclusion of other 
regions of the brain stem. In trying to get the same constituents of the piece 
to be transplanted regardless of the crown-rump length of the donor, larger 
pieces were taken from older donors than from younger ones. The size range 
was 1 X 1 X 1 mm to 2 X 1.5 X 1 mm (Fig. 1.5, cf. Bjorklund et al., 1983a, b; 
Goldowitz et al., 1984a, b; Olson and Seiger, 1972; Olson et al., 1979: Seicer 
and Olson, 1977). ^ 
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